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Effect of furanace on the development of larval 
stages of Penaeus monodon Fabricius
By 
Rogelio Q. Gacutan and Alcestis T. Llobrera
Zoea 2 (Z 2 ), M ysis  1 (M 1 ) and Postla rva 1 (P 1 ) o f  Penaeus m o n o d o n  a r t if ic ia lly  spawned in  
c losed-system  con c re te  h a tch e ry  tan ks  w ere bioassayed fo r  th e ir  to le rance  to  the  a n t ib io t ic  
fu ranace . The  setup cons is ted  o f  fo u r  2 0 - lite r  ca p a c ity  p las tic  basins p re v io u s ly  c o n d itio n e d  fo r  
15 days w ith  fre sh w a te r in  fu l l  s u n lig h t. D u rin g  th e  e xp e rim e n t, each basin was f i l le d  w ith  5 lite rs  
o f  seawater to  w h ic h  was added f ilte re d  C haetoceros  and B ra ch io n u s  to  give dens ities  o f  5 .0 -7 .5  
x 1 0 4 c e lls /m L  and 10 -20  in d iv id u a ls /m L , respective ly . The fo llo w in g  are the  p ro p e rtie s  o f  the  w a te r 
used th ro u g h o u t th e  e xp e rim e n ts : s a lin ity ,  26 -32% ; pH , 7 .3  — 8 .4 ; tem p e ra tu re , 2 5 -3 0 °C ; dissolved 
oxyg en , 4 .5 -8 .4  p p m ; n itr i te ,  0 .3 6 -0 .9 9  p p m ; and am m onia , 0 .1 0 -0 .3 0  pp m . T o  each basin were 
added 50 h e a lth y  larvae o f  spe c ific  stages o f  P. m o n o d o n . A f te r  an in it ia l a c c lim a tio n  o f  one h o u r 
in  th e  m e d iu m , p rew e ighed  am o un ts  o f  the  a n t ib io t ic  were added and th o ro u g h ly  dissolved. The 
c o n c e n tra tio n s  tested w ere 1.0, 2 .0  and 3 .0  p p m . One basin a lw ays served as c o n tro l.
A f te r  24  hours  o f  exposure , th e  su rv iv ing  p o p u la t io n  in each basin was c o u n te d . The 
su rv ivo rs  w ere th e n  exa m in ed  th o ro u g h ly  u n d e r the  m icroscope  fo r  unusual behav io r and 
m o rp h o lo g ic a l de fects  b ro u g h t a b o u t b y  the  exposure. T o  m in im iz e  w ide  va ria tio n s  in the  m ed ium  
as a re su lt o f  fe e d in g  and o th e r m a n ip u la tio n s , th e  system s w ere all p repared a t 9 :0 0  a.m. each 
t im e , and th e  feeds on  tw o  instances, one a t 5 :0 0  p.m . and a n o th e r a t 5 :0 0  a.m.
F ifte e n  tr ia ls  co n d u c te d  w ith  Z 2 show ed surviva l ranges o f  68%  to  98%  w ith  a m ean o f 
77 .6%  in th e  c o n tro ls ; 32%  to  94%  w ith  a mean o f  65.7%  at 1 p p m , and 0% to  56% w ith  a m ean o f  
36 .5%  a t 2 pp m  (Tab le  1). The re  w ere no  surv ivors  a t 3 ppm . In te rp o la t io n  fro m  the  survival-dose 
curve  gave a 2 4 -h r L C 50 o f  a p p ro x im a te ly  1.6 ppm .
P. m o n o d o n  exposed to  11 ppm  ba ths p e rfo rm e d  b e tte r  w ith  a m ean surviva l o f  69%  in 
8 tr ia ls  against 66 .5%  fo r  th e  c o n tro ls . S ta tis tica l analysis showed no  d iffe re n ce  be tw een the  tw o  
sets o f  da ta  a t th e  .0 5  le v e l. , S urv iva ls  in the  in d iv id u a l tr ia ls  gave a range o f  50% to  84%  fo r  the  
c o n tro ls  and 52%  to  96%  at 1 pp m . A  s ig n if ic a n t d iffe re n c e  was fo u n d  be tw een the c o n tro l 
p o p u la t io n  and larvae exposed to  2 ppm  w h e re in  th e  range varied be tw een 18% and 64%  fo r  a 
m ean o f  49 .9% . A t  3  pp m  the  m ean surviva l o f  34 .8%  was ob ta in e d  fro m  tr ia ls  o f  6 to  48% . The 
LC 50 is p laced a t s lig h t ly  h ig h e r th a n  2 pp m .
F ive tr ia ls  us ing  P1 show ed progress ive ly  d im in is h in g  survival a t the  fo u r  co n c e n tra tio n s  o f 
th e  a n t ib io t ic .  T he  surv iva ls  w ere 48 .8% , 83.6% , 81 .85% , and 76.8%  a t 0, 1, 2, and 3 pp m , 
resp ec tive ly . The re  w ere no  s ta tis tica l d iffe re n ce s  am ong the groups. N o  f ix e d  LC 50 had been 
a rrived  a t a lth o u g h  e x tra p o la t io n  f ro m  th e  curve m ay give a value as h igh as a p p ro x im a te ly  5 .0  
ppm .
S im ila r  e xp e rim e n ts  w ere also c o n d u c te d  to  ascerta in the  m o rp h o lo g ica l and deve lopm en ta l 
e ffec ts  o f  a 2 4 -h o u r exposure  to  th ree  d if fe re n t  c o n c e n tra tio n s  on th e  larvae. S ingled o u t fo r  s tud y  
were th e  m etam orphoses  o f  (a) Z 1 to  Z 2 , (b) Z 2 to  Z 3 '  (c) Z 3 to  M 1.
The c r ite r io n  cons is ted  o f  f in d in g  o u t  the  p ro p o r t io n  o f  a su rv iv ing  p o p u la t io n  th a t  m o lte d  
to  the  n e x t de ve lo p m e n ta l stage and the  p ro p o r t io n  o f  those th a t rem a ined in  the in it ia l stage.
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Table 1. Tolerance o f Penaeus monodon larvae to  various levels of 
furanace given in bath fo r 24 hours
Dose 
(ppm)
Means percentage survival Interpolated 
LC50
Stage 0 1 2 3
Zoea 2 1/ 8Q3 65.3 5/ 36.5 0 1.6
Mysis 12 / 66.5 69 49.86 / 34.8 2.0
Postlarva 13/ 84.8 83.6 81.5 76.8 5.04/
1/Based on 15 trials
2/Based on 8 trials
3/Based on 5 trials
4/Extrapolated value
5/Significantly different from control at 5% level
6/Significantly different from control at 5% level
The results (Table 2) indicate a delaying effect on metamorphosis. This effect increased w ith 
the concentration of furanace. On the basis of 180 specimens examined from a surviving 
population o f Z 1 given furanace, 177 or 98.3%, progressed to Z2 . For those bathed in 1 ppm, 89 
out of 127, or 70.7% metamorphosed successfully. Comparison o f the above indicated a " z "  
value o f 9.36 which was higher than the tabular value o f 1.96 at .05 level o f significance. It 
appears, therefore, that 1 ppm has a delaying effect on development. Given a dose of 2 ppm, only 
6 out of 47, or 13.9%, showed successful metamorphosis.
There appeared to be a decline in the delaying effect o f the antib iotic w ith  larval age. Z2 to 
Z3 and Z3 to developments were not affected by a dose o f 1 ppm but were markedly so at 2 
ppm. On the basis o f 101 survivors in the control population in Z2 to  Z3 experiments, 94 or 
93.1%, progressed to the next stage. The populations bathed in 1 ppm showed successful m olting 
in 144 out o f 166 individuals examined, 86.7%. The computed " z "  value fo r the latter was 1.6 
at .05% level indicating no difference. There was substantial reduction in successful molts at 2 
ppm, however.
The experiments on Z3 to M 1 transformation had almost the same result except fo r a lower 
proportion o f successful molts in controls and in those subjected to baths o f 1 ppm. This might 
be an indication o f a lower tolerance of the larvae or o f the natural feeds ingested by the larvae 
(e.g., Brachionus, Chaetoceros) to  the toxic effects o f the antib iotic. Out o f 102 survivors from  all 
the control populations examined, 89 or 87.2% reached the mysis stage. This was not significantly 
higher than the 81.8% obtained from 181 individuals from those given 1 ppm baths.
Examination o f the larvae fo r morphological changes revealed a number o f damages, deviant 
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Table 2. The metamorphosis o f P. monodon larvae in tw o levels of
furanace given as a 24-hour bath
Experiment Levels o f furanace (ppm)
Z 1 t o  Z2 0 1 2
Z 1 3 38 37
Z2 177 89 6
P 0.983 0.7011/ 0.139
Z2 to  Z3
Z2 7 22 75
Z3 94 144 84
P 0.931 0.8672/ 0.5283/
Z3 to  M 1
Z 3 13 33 57
M. 89 148 87
p 0.872 0.8182 / 0.614—
1//Significantly different from control at .05 level. 




allometry, heterotrophy and other conditions. Observed to  accompany Z 1 to  Z2 ecdysis, for 
example, were abnormally-shaped uropods, spread carapace, and broken setae (Table 3). The 
number o f individuals affected did no t show any statistical differences between the controls and 
those exposed to  furanace. The Z2 to Z3 metamorphosis was affected most in terms of damages 
to the telson, the frequency o f which was higher w ith  concentration. Since the differentiation 
between the telson and the uropods occurs at this stage such damages may be expected.
During the Z3-M 1 transition, the form  o f the carapace and the antennae, the fu ll 
complement o f the uropods, and the growth o f the pereiopods were subjects to  abnormalities. 
Analyses showed higher incidences o f abnormalities and damages at 2 ppm than at 1 ppm.
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Table 3. M o rp h o lo g ica l de fects  fo u n d  i n  P. m o n o d o n  larvae a fte r  a 2 4 -h o u r 
exposure  to  2 levels o f  fu ranace
E xpe rim e n ts
C en te r o f  
m o rp h o lo g ica l 
de fects
N u m b e r o f  in d iv id u a ls  show ing  
m o rp h o lo g ic a l de fects  in  level o f  
fu ranace
0 ppm 1 pp m 2 ppm
Z 1 to  Z 2
Carapace 2 0 1
Telson 5 3 2
U ropods 0 0 1
In d iv id u a ls  exam ined 248 178 77
Z 2 to Z 3
Carapace 2 3 6
Telson 3 6 1 9 1 /
U ropods 2 2 1
In d iv id u a ls  exam ined 102 166 159
Z 3 t o  M 1
Carapace 18 3 35  1/
T e lso n -U ro po ds 5 2 2 0 1/
U ropods 3 3 102/
Telson 6 5 4
Pere iopods 9 3 16 2 /
A n tennae  4/ 11 0 5
R ostrum 2 1 0
In d iv id u a ls  exam ined 102 168 144
1 /Significantly d iffe rent from  both control and 1 ppm
O n th is  basis, th e  o p t im u m  exposure tim e-dose  c o m b in a tio n  th a t  gave th e  h igh es t survival 
rate in  w eak and ap p a re n tly  u n h e a lth y  larvae was sough t. The  p ro ce d u re  ca lled  fo r  th e  s e tu p  o f 
9 basins as done p re v io us ly . A f te r  the  a d d itio n  o f  the  feeds, and a c c lim a tio n , p rew e ighed  
samples o f  fu ranace (1 pp m  fo r  zoea; 2 pp m  fo r  m ysis) w ere added to  e ig h t basins. One basin 
had no  a n t ib io t ic  and served as c o n tro l.  The  w a te r in  each o f  the  tre a te d  basins was the n  d ra ined  
and changed w ith  fresh seawater c o n ta in in g  ap p ro p ria te  dens ities  o f  B ra ch io n u s  and C haetoceros, 
a t 3 -h r  in te rva ls  u n t i l  th e  n in th  basin had been replaced. The su rv iv in g  p o p u la tio n s  a fte r  24 , 4 8 , 72 
and 96  hours in  each basin were the n  co u n te d .
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T he  o p t im u m  exposures fo r  Z 2 were 6 and 21 hours  based on F ried m an n 's  tw o -w a y  analysis 
o f  variance by  ranks (T ab le  4). The results w ith  the  fo rm e r ba tch is n o t so d i f f ic u l t  to  e xp la in ; 
th a t  o f  th e  la tte r  was to ta l ly  un exp ec ted . S ince no  q u a n tif ic a t io n  o f  th e  m ic ro b ia l p o p u la tio n s  
in  each setup at a n y tim e  was m ade, no  e x p la n a tio n  o f  pa rad ox ica l tre n d  is possib le. A m on g  
o th e r th in gs , the  data show ed n o  s ig n if ic a n t re d u c tio n  in p o p u la tio n s  in  all the  co n ce n tra tio n s  
a fte r  24  ho u rs ; d iffe re n ce s  w ere a p pa ren t o n ly  a fte r  48  hours.
In  tw o  runs w ith  a w eak and a p p a re n tly  diseased M 1 p o p u la tio n , the  h ighest m ean survival 
a fte r  9 6  ho u rs  was o b ta in e d  in those exposed to  fu ranace  fo r  6 and 9 hours (Tab le  5). As w ith  the 
zoea, no  s ig n if ic a n t m o r ta l ity  was observed a fte r  24 hours.
T ab le  4 . S u rv iva l o f  w e a k  and a p p a re n tly  d iseased P. m o n o d o n  Z 2, exposed forvaiedutns1pmcbaths1/ 
E xpo sure
M ean surv iva l a fte r  ( ) h o u rs 2/
2 4  h r 4 8  h r 72 h r 96  h r
0 3 3 .0 14.3 9.5 4 .0
3 4 2 .0 32 .3 30 .0 8 .3
6  3/ 4 0 .0 33 .8 26 .0 19.2
19 35 .2 28 .3 15.3 9 .3
12 3 6 .0 26 .4 12.0 9 .0
15 39 .2 23 .8 17.8 7 .3
18 40 .9 22 .8 14.9 8.1
2 1  3 / 4 0 .4 33 .7 25 .2 20 .8
24 37 .5 26 .7 12.6 5.8
1 /Based on 4 trials 
2 / Based on an in itia l population o f approximately 50 individuals 
3 /Optimum exposure based on Friedmann's rank analysis
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Table 5. Survival o f weak and potentia lly diseased P. monodon mysis 
exposed fo r varied durations in 2 ppm furanace baths 1 /
Exposure
Mean survival after ( ) hours 2/
24 hr 48 hr 72 hr 96 hr
0 37.5 24.5 15.5 9.0
3 37.5 24.5 21.0 10.0
6 3 / 41.0 32.0 24.0 22.0
9 3/ 39.0 37.5 35.5 20.5
12 31.5 25.5 18.5 10.5
15 43.0 28.0 15.0 4.5
18 40.5 27.0 19.0 16.5
21 45.5 2 8 .0 27.0 14.5
24 43.0 28.0 25.0 11.5
1/Based on 4 trials 
2/ Based on an initial population of approximately 50 individuals 
3/ Optimum exposure based on Friedmann's rank analysis
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